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COSMIC DUST I N  THE STRATOSPHERE 
I 

I 
* 

I James R. Arnold, Narendra Bhandari and David W. Parkin 

Universi ty  of C a l i f o r n i a  

San Die.go, C a l i f o r n i a ,  USA 

Abstract 

A bal loon borne technique f o r  s t r a t o s p h e r i c  c o l l e c t i o n  of 

micron s i z e  d u s t  from up t o  a m i l l i o n  cubic m e t e r s  of a i r  has 

been developed. The technique samples p a r t i c l e s  i n  s i z e  range 

of roughly 1-100 microns and thus  t h e  extraterrestrial p a r t i c l e s  

i n  t h i s  s i z e  range which do n o t  burn up during t h e i r  e n t r y  i n  t h e  

e a r t h ' s  atmosphere a r e  collected. The c o l l e c t i o n  made &;ring 

t h e  maximum a c t i v i t y  of e a r l y  June meteor showers i n  1966,  

i n d i c a t e s  t h a t  the t o t a l  t e r res t r ia l  acc re t ion  i n  t h i s  s i z e  

range c e r t a i n l y  does not  exceed 550 tons per clay and i s  probably 

less than 50 tons per  day over t h e  whole ea r th .  
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1. INTXODUCTION 

The observation of zodiacal light and of meteors has long 

made clear the existence of dust in interplanetary space. The 

measurement of the influx rate of this dust, and the collection 

of weighable amounts, have been active scientific problems for 

many years (Parkin, and Hunter, 1962; Hemenway and Soberman 

1962, 1965; Hodge. and Wright, 1961-66; Crozier, 1965). None 

the less, there is presently no agreement on the amount or 

nature of the entering matter. The subject has been recently 

reviewed (Parkin and Tilles, 1967). 

Particles below a certain size limit (which depends strongly 

on velocity, angle of entry, density, and composition) can be 

slowed down in the earth's atmosphere without being vaporized 

or even melted. The preservation of structure makes this size 

range especially interesting for laboratory study. This limit 
( 1  

has been calculated (Opik, 1961; Whipple, 1950) to be typically 

some tens of microns. Such particles fall through the atmosphere 

at very low speeds, w c m  per sec, as compared to the 11-70 km/sec 

* 

v 

velocity of entry. Their concentration in the atmosphere is, 

therefore, higher than that in space by many orders of magnitude. 

The concentration increases further in the lower atmosphere as 
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. 
the speed of fall decreases. However, a maximum concentration 

is to be expected in the lower stratosphere since in the troposphere 

scavenging mechanisms remove the particles. 

The extraterrestrial particles must be studied against a 

background of terrestrial material. This background is high and 

variable in the troposphere, though in some favored places 

(the open ocean or the Antarctic) it may be comparatively low. 

Above the tropopause, Junge and coworkers (1963) found a layer 

of fine "sulfate aerosol" in the size range below one micron. 

It is also well known that radioactive debris from atmospheric 

nuclear tests attaches itself to submicron particles, which remain 

in the stratosphere for periods ranging from months to years 

(Martell, 1966). 

In the size range above one micron, however, Junge (1963) 

concluded that terrestrial contamination is very low in the 

stratosphere. This conclusion, of course, does not apply to 

periods soon after major volcanic events of the Krakatoa type. 

The most recent such event, which injected material into the 

stratosphere, was the eruption of Mt. Agung on Bali in 1963. 

Calculations show that> lp particles from this eruption will 

have long since fallen out of the stratosphere; and therefore for 
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t h e  present  work, vol-canic contamination i n  t h i s  s i z e  range can 

be ru led  out .  

The considerat ions given above l e d  one of us (J. R. A . )  , 

seve ra l  years ago, t o  begin development of a system f o r  c o l l e c t i o n  

of p a r t i c l e s  above one micron from l a r g e  volumes of a i r  i n  t h e  

lower s t r a tosphe re .  A balloon borne system adapting t h e  "s t icky-  

mesh" technique used by Parkin and coworkers (1962) f o r  t h e i r  

su r f ace  a i r  c o l l e c t i o n s  w a s  developed. Its advantages include 

s i m p l i c i t y ,  ease of c leaning  and large sampling capac i ty  without 

heavy mechanical pumping devices and their  assoc ia ted  contamin- 

a t i o n .  

A f u l l y  success fu l  f l i g h t  of th is  system was made on June 10, 

1966, a t  the  peak of the  e a r l y  June meteor showers. In t h e  

following s e c t i o n  we  g ive  a b r i e f  d e s c r i p t i o n  

and the f l i g h t .  

2 .  TECHNIQUE 

The dus t  is  c o l l e c t e d  by dragging 

through the  a i r  by means of a balloon. 

2 a 10m 

The 2 

of t h e  apparatus  

mesh impactor 

km v e r t i c a l  

s epa ra t ion  of t h e  ba l loon  and c o l l e c t o r  ensures an ample wind 

s h e a r ,  t y p i c a l l y  15 km/hour a t  temperate l a t i t u d e s ,  and over some 

LO-hour exposure, a sampling volume of t h e  order of 106m3 is  expected. 
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Since f o r  launching it is  des i r ab le  t o  have a s h o r t  f l i g h t  l i n e ,  

a l i n e  r e l e a s e  system was developed t o  e f f e c t  t h e  sepa ra t ion  

of t h e  c o l l e c t o r  system from t h e  balloon a f t e r  t h e  launch. The 

apparatus thus c o n s i s t s  of two p a r t s ;  t h e  c o l l e c t o r  system and 

t h e  l i n e  r e l e a s e  system. 

The c o l l e c t o r  system cons i s t s  of two 6.5 meter long x 1 meter 

wide "Nitex" mesh panels made of 2 8 0 , ~  monofilament nylon f i b e r  

having 7 2 0 ~  s i z e  holes .  Each panel is  divided i n t o  two sepa ra t e  

s e c t i o n s  with an in te rmedia te  38 c m  long "separation-cloth" made 

of t i g h t l y  woven nylon. The upper s e c t i o n  (0.9 m x 1 m ) ,  which 

is exposed t o  wind only momentarily before  and af ter  the c o l l e c t i o n ,  

se rves  as our  f l i gh t -b l ank  while t h e  rest of t h e  screen  se rves  as 

sample c o l l e c t o r .  

each panel p r o t e c t s  the colledrw screen  before  and a f t e r  t h e  f l i g h t  

from any acc iden ta l  exposure. The two panels are mounted s i d e  

by s i d e  on a 5 c m  diameter r o l l e r  which can be operated by a 

motor from one end. 

A 50 c m  long "cover-cloth" a t  t h e  bottom of 

The ro l led-up  screens are encased i n  a 3-meter long c y l i n -  

d r i c a l  tube ,  which on i t s  underside has a 5 c m  wide s l o t  along 

i t s  l eng th ,  through which the screen can be r a i s e d  and lowered 

by motor con t ro l .  The s l o t  is  closed immediately a f t e r  t h e  
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c o l l e c t i o n  by a door working by spr ing  ac t ion .  A 4-meter long 

boom is at tached T - w i s e  a t  the middle of t h i s  tube,  permit t ing a 

th ree  point  suspension. T h i s  forces  t h e  screen t o  f ace  t h e  

: wind. (See f i g u r e  1) 
?- F16- 
The tube containing the  co l l ec t ion  screens i s  encased i n  a 

prec1eane.d pro tec t ive  foam box which i s  dropped off  j u s t  a f t e r  

the  s y s t e m  a t t a i n s  a l t i t u d e .  The me ta l l i c  p a r t s  of t h e  s y s t e m  

exposed t o  the  screens are made of gold-colored anodised aluminum 

o r  bronze. 

This c o l l e c t o r  system i s  suspended below t h e  l i n e - r e l e a s e  

system ( f igu re  1) which consists of t h e  l i n e  reel and a f r i c t i o n  

sp indle  coupled to ' two  paddles. 

a l t i t u d e  of 3 km, t h e  brakes on the  reel a r e  re leased  and l i n e  

begins t o  pay out .  The two paddles,  1 . 2  x 0.6 meters, r o t a t e  

with the  sp indle  and serve as a brake. The ra te  of f a l l  i s  

e a s i l y  cont ro l led  a t  about 200 feet/minute.  

may be appl icable  t o  o ther  problems r equ i r ing  the  cont ro l led  

payout of heavy loads.  

When the  system a t t a i n s  an 

This let-down system 

3.  FLIGHT DATA 

The f l i g h t  reported here w a s  made on June L O ,  1966, from 

The launch w a s  the Balloon Base of NCAR a t  Pa le s t ine ,  Texas. 
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made at 0600 hours CDT. The flight details are given in Table 1 

c and figure 2. / --I .f ----I.-- I_.-.-_ ____. t 
For a few days before the flight, the wind pattern in the 

stratosphere was studied at two stations, Shreveport and Fort 

Worth, which were close to the expected trajectory. The balloon 

ceiling altitude was chosen for maximum and steady wind shear. 

The wind shear between the balloon and collector during the flight 

is also shown in figure 2, and on the average, was 17 km/hr. 

The integrated amount of wind is calculated to be 1.2 x lo6 M3 

(ambient) (before corrections given below). 
---- t-------- f r  4. I, f 

4. CLEANING PROCEDURE 

Previous to flight, the collector system is cleaned and 

assembled in a positive pressure clean room. The screen is washed 

.. In an ultrasonic bath by continuous cycling of detergent, methanol 

and Freon successively using a Randolph peristaltic pump which 

circulates the liquid through a plastic tubing by squeezing 

action, The wash is continuously filtered through a millipore 

filter which is connected with the pump and ultrasonic tank in 

a closed circuit. The particles collected on the millipore 

filter are transferred to a dish of water and a magnetic separation 

is made with a strong horeseshoe magnet. The magnetic and non- 

magnetic particles are then examined optically under a microscope. 
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Large amounts of nylon f i b r e s  from the screen are always present  

i n  t h e  non-magnetic f r a c t i o n  and are e a s i l y  recognized and 

re jec ted .  The clean room and the handling procedures are 

control led by blanks.  

When the f i n a l  washing i s  s a t i s f a c t o r y ,  t he  screen is  coated 

with s i l i c o n e  o i l  (Dow Corning 200 f l u i d ;  10,000 cent i s tokes)  i n  

Freon and run through a complete loading and unloading operat ion 

i n  the clean room. 

by soaking the  screen i n  Freon f o r  24-48 hours and c i r c u l a t i n g  the  Freon 

through the mi l l i po re  f i l t e r .  

g iv ing  an u l t r a son ic  bath i n  Freon. This operat ional  ( laboratory)  

blank, a f t e r  r e j e c t i n g  nylon f i b e r s ,  w a s  es t imated f o r  t h i s  f l i g h t  

t o  be less  than 2,ug. 

The p a r t i c l e s  from t h e  screen are co l l ec t ed  

A second recovery is made by 

The recovery e f f i c i ency  was determined by two experiments 

where a known number and kind of p a r t i c l e s  w e r e  put on the screen 

and w a s  found to be 70 and 90 percent .  

5 .  RESULTS 

The results of p a r t i c l e  analysis  is  given i n  Table 2 .  The 

magnetic f r a c t i o n  of screen S1 cons is ted  of f i v e  f l akes  Lapproximate r 

dimensions i n  micons; 2 (66 x 120 x 201, 33 x 66 x 2 0 ,  14  x 1 7  x 

10, 110 x 40 x 20 and one spherule ,  (Y = 7p>l ; no f i n e  magnetic 
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dust  was present .  

recovered. 

manipulation; no f i n e  magnetic d u s t  w a s  present  on t h i s  screen 

On Screen S2, t h ree  magnetic p a r t i c l e s  w e r e  

Two w e r e w 5 ~  s i z e  and the  o ther  one was l o s t  during 

e i t h e r .  Electron microprobe analysis  on three  of t h e  f l a k e s  from 

SI showed t h a t  t h e i r  Fe,  Mn, Ni composition (9970 Fe ,  ~ 1 %  Ph, (1%Ni) 

are s imi l a r  t o  common s t e e l .  

The nonmagnetic f r a c t i o n  was separated i n t o  t h r e e  groups from 

t h e i r  appearance: brown, black and metall ic.  The dens i ty  of a 

f e w  p a r t i c l e s  was  measured and is given i n  Table 2 .  A f e w  brown 

p a r t i c l e s  w e r e  i d e n t i f i e d  as  fe ldspar  by t h e i r  p o l a r i z a t i o n  

pa t t e rn .  

t h e  black and me ta l l i c  p a r t i c l e s  w e r e  a l s o  l i k e  t h i n  f l a k e s .  

Most of t he  p a r t i c l e s  w e r e  i r r egu la r  i n  shape; some of 

When t h e  c o l l e c t o r  system w a s  opened a f t e r  t he  f l i g h t  it 

was  observed that a few insec t s  and specks of dus t  had entered 

t h e  i n s i d e  of t he  case presumably during the  landing of t h e  package, 

Although the  sample screens are protected by t h e  cover sc reen ,  a 

s m a l l  por t ion  a t  one end of the panel S had remained s l i g h t l y  

exposed. 

t h e  brown p a r t i c l e s  i n  appearance. 

t h a t  a t  least  a p a r t  of t he  p a r t i c l e s  on screen Sl, and possibly 

on S2 a r e  contamination. 

1 

The p a r t i c l e s  picked up from t h i s  p a r t  w e r e  s imi la r  t o  

Therefore i t  is  very l i k e l y  



6. DISCUSSION 

The c o l l e c t o r  system funct ions as an impactor, i n  a regime 

of low Reynolds number. Its behavior is  i n  accord with laminar 

flow (Stokes' l a w )  a t  high pressure and l a r g e  par t ic le  diameter ,  

approaching molecular flow as pressure and diameter decrease. 

In t h i s  regime the fo rce  on a sphe r i ca l  p a r t i c l e  moving r e l a t i v e  

t o  a gas is  given by a formula of PlilJ-fLan (Kennard, p.  310). 

F = 6rqyV [ 1 t Y + q1 (1) 

Where V is t h e  r e l a t i v e  ve loc i ty ,  the v i s c o s i t y  of a i r ,  and t h e  

empir ical  constants  A = 1 .23 ,  B = -41, c = 8 8 .  Using an approximation 

-? 

t o  t he  complex flow p a t t e r n  i n  t h e  mesh, and assuming t h a t  p a r t i c l e s  

approaching the  f i laments  will be captured i f  they are acce lera ted  

t o  less than 20 percent  of the  mean l a t e ra l  ve loc i ty  of t h e  gas 

stream within one f i lament  diameter i n  f r o n t  of t h e  mesh, we  der ive 

f o r  t h e  cutoff  rad ius  t h e  rough formula 

45 rlbe 
Tcutoff 2 pv 

- -  * -  2 

where b is  t h e  f i lament  diameter,  , t h e  dens i ty  of t h e  p a r t i c l e ,  

v t h e  wind speed near  the  mesh, and 0 t h e  co r rec t ion  f a c t o r  i n  

parentheses  of equat ion (1). For ($1 l a r g e ,  Q p ~ l ;  f o r  s m a l l  $1 

equat ion (2) reduces t o  
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For mesh of 700p s i zed  holes and 280p f i b e r  diameter as used, 

0-1 a t  sea  l e v e l ;  a t  t he  30 m b  l e v e l  t h e  f u l l  formula must be 

used. Of course,  t h e r e  is no sharp c u t o f f ,  bu t  t h e  values  given by 

equation (2) a r e  w e l l  enough confirmed by observat ion a t  both pressures  

t o  g ive  confidence t h a t  the mechanism i s  c o r r e c t .  

r e s u l t s  of equation (2) are given i n  Table 3.  

Some sample 

TABLE 3 

Cutoff Radii  f o r  Various Mesh Impactors 

r Cutoff 
F i b e r  Mesh hole  P a r t i c l e  

diameter s i z e  Dens it  Pressure 
(microns (microns I ( g .  crn-3) (mb) (microns 1 

280 700 1 1000 5 

30 3.6 I? t ?  I ?  

3 1000 3 ?I I? 

30 1.3 

1000 1.1 

30 0.3 

? ?  ??  I? 

40 100 I ?  

? I  I ?  ? I  

It  is necessary t o  know approximately the r e s i s t a n c e  of t h e  

screen t o  a i r  flow f o r  two reasons: (1) t o  co r rec t  t h e  t o t a l  a i r  

volume ca lcu la t ed  from the  meteorological d a t a ,  and (2) t o  use 

the proper value of v i n  equation (2) above. 

must be laminar-molecular; s ince  i n  the reg ion  of i n t e r e s t ,  t h e  

m e s h  ho le  s i z e  a >,I , t h e  laminar regime p reva i l s  t o  a good 

Again t h e  f l o w  equat ions 



12 

approximation. Since the  value of , and hence the decrease i n  

ve loc i ty  i n  f r o n t  of t h e  screen,  is  almost the  same a t  30 mb as a t  

1 

sea l e v e l ,  it is  s a f e  t o  c a l i b r a t e  a t  sea l eve l .  This c a l i b r a t i o n ,  

giving a flow decrement of -30 percent f o r  our f l i g h t ,  has been 

used t o  determine sampling volume from t h e  meteorological  d a t a  

and t h e  cutoff  values . 
For particles above the  minimum s i z e  t h e  screen has an 

e f f i c i ency  equal  t o  the  f r a c t i o n a l  area covered by f i laments ,  i n  

our case c lose  t o  0.5, 

sample volume is  1.2'.106-0.7*0.5 = 4.2;105 cubic meters (ambient). 

Thus on the present  f l i g h t  t h e  e f f e c t i v e  

The e f f i c i e n c y  of t he  screen w a s  t e s t e d  a t  sea  l e v e l  by esti-  

mating t h e  amount of a i r  borne r a d i o a c t i v i t y  of B e 7 ,  Cs137, and 

Pb210 picked up by t h e  screen f o r  a known amount of a i r  passed 

through it. These r a d i o a c t i v i t i e s  are expected t o  be at tached 

t o  p a r t i c l e s  c lose  t o  lp i n  s i z e  (Lockhart, e t  a l ,  1966). 

a c t i v i t y  found on the screen w a s  similar t o  t h a t  expected in-  

d i c a t i n g  t h a t  the screen is f a i r l y  e f f i c i e n t  for micron size 

p a r t i c l e s .  

coa t ing  remains f a i r l y  s t i cky  a t  dry i c e  temperatures. 

The 

Laboratory t e s t s  a l s o  showed t h a t  the s i l i c o n e  oil 

The screen c o l l e c t o r  w i l l  be e f f i c i e n t  f o r  extraterrestrial  

p a r t i c l e s  l a r g e r  than the  l o w e r  impactor c u t o f f ,  and up t o  t h e  
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r a t e r r e s t r i a l  p a r t i c l e s  are heated t o  vapor- 

i z a t i o n  i n  passing i n t o  t h e  atmosphere. P a r t i c l e s  above t h i s  s i z e  

l a rge ly  or  e n t i r e l y  vaporize.  The vapor so  formed, d i s t r i b u t e d  

over a pa th  length of many kilometers,  i s  presumably t o  be found i n  

t h e  s t r a tosphe re  i n  t h e  sub-micron p a r t i c l e  s i z e  Tange. I t  is  

inaccess ib le  t o  our technique. The problem of hea t ing  on dece le ra t ion  

of a dust  p a r t i c l e  ( d t d  has been t r e a t e d  by Whipple (1950) and 

8pik  (1961) , Whipple’ s formula may be given i n  the  form 
3eBDa (T  4 max-To 4 

M _ _  
3 

- =  
abv, cosz 

(3) 

Where f o r  t h e  p a r t i c l e  M = mass, B = r a d i a t i n g  area, B = emiss iv i ty ,  

D = drag c o e f f i c i e n t ,  = accomodation c o e f f i c i e n t ,  The o the r  

symbols a r e e  = Stefan-Boltzmann cons tan t ,  -b = inverse  s c a l e  he ight  

of the atmosphere, V- = ve loc i ty  of t h e  p a r t i c l e  ou ts ide  t h e  

atmosphere, and 2 = z e n i t h  angle. 

For s p h e r i c a l  p a r t i c l e s ,  s e t t i n g  4 = = 1, D = 2 (reasonable 

values  f o r  most substances) ,  t h i s  gives  

36eo (Tmax4-T 0 ‘1 
d =  9 

bps Vm3 CosZ 
Where p i s  t h e  dens i ty  of the  p a r t i c l e ,  The proper value of Tmax 

f o r  su rv iva l  is d i f f i c u l t  t o  estimate. The melting point  of chondr i t ic  

i ron-n icke l  and s tone  phases i s  -1700 OK, The vapor pressure 

curves a r e  not  well known and we adopt a value of 2000’K ( s imi l a r  



I? . t o  Opik's) as  j u s t  s u f f i c i e n t  t o  cause vaporizat ion during t h e  

high temperature per iod,  of t h e  order  of one second. Par t ic les  

containing organic polymer o r  o the r  v o l a t i l e  o r  r e a c t i v e  sub- 

s tances  may be destroyed a t  a much lower temperature. P a r t i c l e s  

of about h a l f  t h e  l i m i t i n g  diameter w i l l  m e l t ,  and become spherules .  

If they a r e  o r i g i n a l l y  of low bulk dens i ty ,  t h i s  meling and 

compaction w i l l  lead quickly t o  vaporizat ion.  For these  reasons ,  

and because t h e  sphe r i ca l  approximation may cause e r r o r s  f o r  

h ighly  i r r e g u l a r  par t ic les  the  l i m i t i n g  values of d given are 

unce r t a in  a t  least  by a f a c t o r  2 f o r  metal  and s i l i c a t e  p a r t i c l e s  

and perhaps sys temat ica l ly  too l a rge .  F i n a l l y  s u b s t i t u t i n g  

b = 1.5 x 5 5.9.10 
3 p,d = . 

v, .cos2 

Where d is  i n  microns, v . i s  i n  km/sec and i n  g ~ n - ~ .  This func t ion  

d is t abula ted  f o r  a f e w  se l ec t ed  values i n  Table 4. 

Assuming an i s o t r o p i c  en ter ing  f l u x ,  t h e  value of s i n  2 tabula ted  

gives  t h e  i n t e g r a l  f r a c t i o n  en te r ing  a t  s t e e p e r  angles  than 2. 

For example, a t  Voo= 1 1 . 2  km, 80 percent  of p a r t i c l e s  have 720 

while  only 2 percent have 2200. 

For s i l i ca te  par t ic les  i n  nea r -c i r cu la r  o r b i t s  of l o w  

i n c l i n a t i o n  t h e  upper su rv iva l  l i m i t  (as spheru les )  is then 
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around 100-150 microns o r  without fus ion  50-70 microns. For 

p a r t i c l e s  en ter ing  a t  t y p i c a l  meteor v e l o c i t i e s ,  above 24 km/sec, 

t h e  l i m i t  drops t o  l o p  o r  less f o r  spherulcs  and 5p o r  less for 

unfused p a r t i c l e s .  So f a r  as t h i s  model of molecular dece lera t ion  

app l i e s ,  most meteor showers w i l l  cont r ibu te  only a narrow range 

of surviving particles t o  bal loon o r  rocket  co l l ec t ions .  The June 

showers have values of U, of 29 and 39 km/sec. Thus, i f  t h e r e  are 

no s p e c i a l  mechanisms of dece lera t ion ,  such showers must cont r ibu te  

l i t t l e  i n  t h e  micron range. 

This model f o r  dece lera t ion  y i e l d s  the  f u r t h e r  conclusion 

t h a t  atmospheric dece lera t ion  cannot d i s r u p t  p a r t i c l e s  i n  t h i s  

s i z e  range, however weak s t r u c t u r a l l y  they a r e ,  except by thermal 

e f f e c t s .  So long as c o l l i s i o n s  occur molecule by molecule, no 

appreciable  r e l a t i v e  forces  can be c rea ted ,  even though the  

braking dece lera t ion  may reach 100 g or  more. Such p a r t i c l e s  may 

however be d i s r u p t e d  on s t r i k i n g  t h e  c o l l e c t o r .  
9 3 .-------- ~ .---..- F/ 4 +I____---------- 

2 A comparison of t he  da t a  obtained on screen SI, screen  S 

and the blank shows no s t r i k i n g  d i f fe rences .  The s i z e  d i s t r i b u t i o n  

of p a r t i c l e s  on both screens i s  given i n  f i g u r e  3. Allowing f o r  

mesh c o l l e c t i n g  e f f i c i e n c y  the conversion from number co l l ec t ed  t o  

the mass accre t ion  rate,  M ,  may be made through t h e  formula 
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where the  subscr ip t  s r e f e r s  t o  p a r t i c l e s  of given s i z e  and 

d e n s i t y .  N i s  the number of par t ic les ,  rn the mass of each,  and 

u the s e t t l i n g  (Stokes-Cunningham) ve loc i ty  a t  the  a l t i t u d e  of 

c o l l e c t i o n  and V t h e  e f f e c t i v e  sample volume. This equat ion has 

been used t o  obta in  t h e  histogram M ( r )  and the  i n t e g r a l  histogram 

M (GI of in f lux  r a t e  as given i n  f i g u r e  3 .  This gives  an upper 

l i m i t  for the  in f lux  ra te  t o  the e a r t h  i n  e a r l y  June 1966 of 550 

tons/day i n  our s i z e  region on the  u n r e a l i s t i c  assumption of a zero 

blank and no terrestrial  component. 

However, t he  f l i g h t  blank i s  i n  f a c t  comparable t o  t h e  sample 

i n  mass and, more important,  i n  t h e  i d e n t i f i a b l e  c h a r a c t e r i s t i c s  

of t h e  p a r t i c l e s .  Our hope of f ind ing  p a r t i c l e s  of d i s t i n c t i v e  

type on the  exposed screens has not  been r ea l i zed .  The l a r g e s t  

p a r t i c l e s  on both sample and blank have been c l e a r l y  i d e n t i f i e d  as 

contaminants. 

most of the  mass, which otherwlse would be comparable t o  t h e  

labora tory  blank of 2 ug. In  the  sample d i s t r i b u t i o n ,  there happens 

I n  t h e  case of t h e  blank,  a s i n g l e  p a r t i c l e  contains  

not  t o  be a s i n g l e  massive p a r t i c l e ,  but  t h e  four  p a r t i c l e s  

above 35 u s t i l l  cont r ibu te  50 percent  t o  t h e  observed i n t e g r a l  



. i n f lux  r a t e .  T h i s  value,  and these p a r t i c l e s ,  are p a r t i c u l a r l y  
I 

suspect .  

numbers, on the sample screens.  There a r e  only two p a r t i c l e s  on 

t h e  blank from 20-35p where ninc would be expected on the hypothesis 

The p a r t i c l e s  below 35,q occur i n  s t a t i s t i c a l l y  adequate 

of equal numbers per u n i t  a r ea ;  as t h e  most favorable  s i n g l e  

comparison t h i s  is not  s t a t i s t i c a l l y  impressive. 

The only conclusion possi.ble a t  present  is  t h a t  t he  mass 

i n f l u x  ra te  t o  t h e  e a r t h  i n  the  s i z e  range between one micron and 

some t ens  of microns i s  (or was i n  June 1966) much lower than 550 

tons/day. 

exceed 50 tons/day. 

composition. The c o l l e c t i o n  from t h e  s t r a tosphe re  is complete 

except f o r  p a r t i c l e s  so luble  i n  Freon and those indis t inguishable  

from nylon fragments. 

t o  surv ive  e n t r y  i n  any case, t h i s  does not  seem t o  be a s e r i o u s  

r e s t r i c t i o n .  

The f l u x  of p a r t i c l e s  of d i s t i n c t i v e  type can hard ly  

The l i m i t s  are n o t  dependent on any assumed 

Since large organic  p a r t i c l e s  are un l ike ly  

This r e s u l t  is i n  sharp  c o n t r a s t  t o  those of some o the r  recent  

and o lde r  s t u d i e s  (Crozier,  1966 ; Hemenway and Soberman, 1962-65; 

Parkin and Hunter, 1962) .  It i s ,  however, q u i t e  cons i s t en t  with the 

Barbados da t a  of Parkin,  Delansy, and Delan,y (19671, and the 

recent Explorer X V I  and Pegasus pene t ra t ion  experiments (Naurnarm, 1966). 
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Parkin,  Delaney and Delaney give an upper l i m i t  of 0.2 tons/day 

e a r t h  f o r  t h e  f e r r o  magnetic p a r t i c l e s .  Nauman f inds  t h a t  t o t a l  

i n f l u x  r a t e  is of t h e  order  of 10 tons/day ( the  s a t e l l i t e  rates are 

l imi t ed  by s t a t i s t i c s  t o  p a r t i c l e s  below €5) 

The r e s u l t s  nay also be compared wi th  those of Shedlovsky and 

Pais l ey  (1966), whose absolute  f i l t e r  technique samples p a r t i c l e s  

of long res idence  t i m e  i n  t h e  s t r a tosphe re :  t he  submicron p a r t i c l e s  

and t h e  smoke condensed from the  la rge  ones. Their  l i m i t  (assuming 

chondr i t i c  composition based on I ron  content)  is  250 tons/day. 

The s t ronges t  present  evidence f o r  a higher  mass i n f l u x  ra te  

(averaged over per iods of -lo5 years )  is  the AL26 d a t a  of La1 

and Venkatavaradan (1966) and of Wasson, Alder and Oeschger (1967). 

Since t h e i r  r e s u l t  depends on t h e  product of t h e  m a s s  i n f l u x  r a t e ,  

exposure t i m e  i n  space and s o l a r  proton f l u x ,  t h e r e  is no d e f i n i t e  

cont rad ic t ion .  Thei r  da taare  compatible with i n f l u x  rates of s i l i ca tes  

as l o w  as LO3 tons/day. 

composition (Fe/Si = 0.1-0.2) a t o t a l  i n f l u x  (stone and metal)  

of 1-2 -103  tons/day i n  t h e  meteor s i z e  range (>loop) is no t  excluded 

(Elford and Hawkins, 1964). 

Assuming a s o l a r  r a t h e r  than a chondr i t i c  

The  i n f l u x  r a t e  of unal tered p a r t i c l e s  in 

t h i s  s i z e  range i s  very small however. It remains t r u e  t h a t  t h e  

only c e r t a i n l y  e x t r a t e r r e s t r i a l  p a r t i c l e s  are deep sea  spherules  

(Murray, 1876) which however may w e l l  be me teo r i t i c  i n  o r i g i n  
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(Pet tersson ani Fredr  ksson, 1958). 

The present  experimental  system is  capable of f u r t h e r  improve- 

The signal- to-noise  r a t i o  can be r a i s e d  i n  a longer  f l i g h t ,  ment. 

and it  i s  also des i r ab le  t o  lower the  impactor cu tof f  by using a 

f i n e r  mesh. 

Effo r t s  are proceeding t o  t h i s  end. 

Some f u r t h e r  inprovements i n  c leanl iness  may be possible .  
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Caption to Figures 

Fig.l.Apparatus j u s t  before  the launch. 

Fig. 2. Balloon trajectory and the variation in relative round 

velocity between the balloon and the collector as a function 

of time. Figures within the paranthesis denote various 

command functions, Tab le  2. 

Fig. 3. Size  distribution. EIass accretion rate (tons p e r  clay 

over the whole earth) as a function of particle radius, r, 

uncorrected for blank is also shown. 
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